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Magnetron-based microwave power transmission system was studied for realization of a 
microwave-driven Mars observation airplane as shown in Figure 1. Both high-speed accurate beam 
direction control and controllability of the transmitting power are required for the system. First, a 
transmission system was suggested, which consists of a phased array with “power-variable 
phase-controlled magnetrons (PVPCMs)," a "received voltage lock loop (RVLL)” and a beam direction 
control system. Based on the system configuration, required specifications of phased array elements were 
estimated. The half power width of beam pattern should be more than 39.1 degrees when PVPCMs can 
vary their power from the peak to the half value. Second, auto beam direction control experiments were 
implemented in order to evaluate beam direction control performance of an experimental system. From 
experimental results, it was revealed that there were position detection errors up ?to 15 degrees Necessity 
of proper position detection methods as well as accuracy improvement was described. Next, frequency 
asynchronous phenomena in an injected magnetron under step-wise power control were studied. Measuring 
transfer functions of the magnetron, it was revealed that frequency asynchronous is caused by an overshoot 
characteristic under the step-wise power control. Countermeasures by modifying a PLL in the PVPCM and 
increasing the input power of injected signal were proposed. were suggested. Although most of frequency 
asynchronous phenomena were suppressed in a magnetron output range of 432 W to 684 W with the input 
power of 4.5 W, frequency asynchronous with spiky phase variation could not be suppressed. Finally, an 
experimental RVLL was developed for feasibility experiments through transfer function measurements. 
The received voltage at a rectenna array was converged on the target voltage in 70 ms. Adoptability of the 
RVLL for the stable received power control was confirmed. 
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Figure 1. A conceptual image of a Mars observation system with microwave power supply. 
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